October 19 Id. 


Botanical Srrics, 


VoL. V[I, No. ,s, 


MEMOIRS OF THE 
DEPARTMENT OF AGRICULTURE 
IN INDIA 


ON 


THE INHERITAXC^K OP SOATR (RiAHAOTEH^^ 
TN WHEAT.. II 


in 

ALBERT HOWARD, ALA., U.I.E 
ira'perial Econo)nia Bofetniftt 


.\yn 

C4ABRIELLE L. 0. THHVABD, M.A 

Eecnt}il Ittii'tenal Kci'>uomi(‘ BtManisi 



AGRICULTURAL RESEARCH INSTITUTE, IR^SA 


PRINTED ANJ) I'U'RMSHKl) KOI; 

TEE IMPERIAL DEPAETME^^T OF AGRWELTIJEE IN lEDlA 


r H AC K E K , S FI N K CO, , ( A LCUl T' A 
W, THACKER CO,, 2, Creed I.ane, LONDON 



Agents for the Sale of Government Publications. 


IN THE UNITED KINGDOM. 


Con.Htaltlc k Co,, 10, Oiange Stieet, Leiceatpr ' 
ijqiiare, Lonrtoii, W.C 

Kegan Paul, Trench Triibner k Co,, 68- 7i. 
Carter Lane. B.C , and 25, Museum Street, 
London, W.C. 

Bernard Qnaiitch, 11, Grafton Street, New 
Bond Street, London, W. 

P. S. King k Son, 2 and 4, Great Smith Street, 
Wcitminstev, London, S.W. 

H. S. King k Co., 65, Cornhill, and 9, Pall 
Mall, London. 

Grindlay k Co., 64, I'arliament Street, 
Ijondon, S.W. 


T. Fisher Unwin, Ld,, 1, Adelphi Terrace, 
London, W.C. 

\V. Thacker ife Co., 2, Creed Lane, London, 
E.C. 

Liizac k Co., 46, Great Russell Street, 
London, W.C. 

R. H. Blackwell, 50 and 51, Broad Street. 
Oxford, 

Deighton, BoU k Co„ Ld., Cambridge, 

Oliver k Boyd, Tweeddale Court, Edin- 
burgh, 

E. Ponaonby Ld,, 116, Grafton Street, 
Dublin. 


ON THE CONTINENT. 

Ernest Leronx, 2S, Rue Bonaparte, Paris. | Martinna NijhoflF, The Hague, Holland. 

IN INDIA AND CEYLON. 


Thacker, Spink & Co., Calcutta and 
Siinli. 

W. Newman k Co., Calcutta. 

R. Cambi ay k Co., Calcutta. 

S, K. Lahiri & Co,, Calcutta. 

B. Baiinerjee & Co , Calcutta. 

The Calcutta School Book and Useful Litera- 
ture Society, 309, Bow Bazar Street, 
Calcutta, and 226, Nawabpur, Dacca. 

llutterworth & Co. (India), Limited, Calcutta. 

The Weldon Library, 18-5, Chowringhee 
Road, Calcutta, and 226, Nawabpur, Dacca. 

liai M. C. Sircar Bahadur and Sons, 75-1-1, 
Harrison Road, Calcutta. 

Higginbothame Ld., Madras, 

V. Knlyaiiarama Iyer k Co.» Madras. 

G. A. Natesan & Co., Madras- 

S. Murthy & Co., Madras, 

Thompson k Co., Madras. 

Temple k Co., Madras. 


Combridge A Co., Madras. 

P. R, Rama Iyer k Co., Madras, 

Thacker A Co-, Ld., Bombay. 

A. .1. Combridge A Co,, Bombay. 

D. B. Taraporevala, Sons A Co,, Bombay. 
Radhabai Atmaram Sagoon, Bombay. 

Sunder Pandurang, Bombay. 

Gopal Narayan A Co„ Bombay, 

Ram chan dr a Govind A Son, Kalbadevi, 
Bombay. 

N. B.Mathur, Superintendent, Nazir Kanun-i- 
Hind Press, Allahabad. 

A. Chand A Co-, Lahore, Punjab. 

Rai Sahib M. Gulab Singh A Sons, Mufid-i- 
Am Press, Lahore and Calcutta. 
Superintendent, American Baptist Mission 
Press, Rangoon. 

S. C. Talukdar, Proprietor, Students and 
Company, Cooch Behar, 

A, M. A J. Ferguson, Colombo, Ceylon. 



ON THE INHERITANCE OF SOME CHARACTERS 
IN WHEAT. II, 


BY 

ALBERT HOWARD, M, A., C, I. E.. 

Impp.rud Econoinio 

AND . 

GABRIELLE L. C. HOWARD, M, A,, 

Spconil h)ipfn(f} Economic BotanisL 

The investigations, described ill this paper, forma coniimiation of tiio 
earlier results on this subject published in Two eliaractors only are 

dealt with, bearding and felting. For the sake of clearness, the [neliininarv 
results on bearding, which appeared in the former paper, liavebeen sliortlv 
recapitulated. 


J. The Presence and Absence of Awns. 

A study of the literature on the inheritance of a.wns in wheat is rcndei od 
soriiewhat difficult by the fact that previous investigators iiave imt worked 
with comparable material. They have not used, in all eases, iniF beardless 
wheats for the analysis of the fully bearded eliaraeter. Wheats witli short 
awns as well as those absolutely beardless have been de,scrihed and eiii])loye(l 
as ‘^beardless"’ parents. It is hardly surprising that, under tliese circum- 
stances, the results have varied and that some controversy has arisen. 

The earlier results are summed up by von Tschennak in Die ZikhtfUi;/ 
der ImdwkMaftlichen Kidlurpjlanzen. Biffem Wilson, ^^ehli]Iaux and von 
Tsehermak found that the beardless condition was dominant and that tlu* 
F 2 generation was composed of bearded and heaj<lless plants in thesiniple 
ratio 3 : 1. In some cases, the ratio fully bearded to half bearded and beard- 
less in this generation was 1^2: 1. Kilsson-Ehlc found, however, that 
the beardless condition was not alsolutely dominant. Yon Tschennak' 

^ Mem. Vepi. Agr. in India {Mmieal Serice)* vol. V, no. T 1012. 
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observed in two cases, iu crossing a bearded and beardless wheat, that the 
bearded condition was entirely lost, while Rimpaii and Spielmaim, on 
crossing two beardless wheats, obtained in the ¥2 a few bearded forms which 
bred true. Saunders^ in 19U6 combated the statement that the first generation 
between a Ix^anlless and a boarded wheat is alwaj^s beard less and maintained 
tlial, tlic, amount of hoarding in the F| varies with the wheats used. In the 
b\>, a series of bums, wliicli defied classiiicaticm. was obtained. Apparently 
the was not followed any fnriher. 

Jii oiii* ill v(!stigations at Pnsa with hidian wheats, the inheritance of 
the fully bearded (‘hamcter lias not 1 een simple. In crosses between bearded 
and what are usually descriluHl as beardless wheats, tw^o very distinct pheno- 
mena l\avo b(Mni observed, fu one series, the jdants in the Fj were distinctly 
intermediate ami were half liearded, while in the other only very short tips 
to ihe glumes occurred. These differences in the Fi were correlated with 
diflertaices in the beardless parents, lu the first case, the beardless parent 
had short tips to the glumes while in the second it was absolutely beardless. 
In the following, these two classes are dealt with separately. 

Bearded X Tipped. The half bearded Fi generation occurred in four 
crosses between beaided and beardless wheats and the results (Plate I) differ 
entirely from those illustrated by BiFeu and Wilson in vol. 1 of the Journal 
of AgricuUimd Science. The four crosses with an intermediate Fi all. broke 
up in the F^ into fully bearded, half bearded like the Fi and plants with tipped 
glumes in the ratio 1 : 2 : 1. There was no difficulty in distinguishing these 
classes which were very distinct the one from the other. The details relating 
to the 2,830 plants of these four crosses are given in the following table ; — 

Tahle I. 

The, F .2 genemlion of crosses between bexirded and tipped parents. 


F2 Oenk ration 




Cross 


No. of 


■■ 

, 

Ratio 






i’iaiits 

Bearded 

Inler- 

mediate 

Tipped 




BXI 

77 9 

< Hh c? 

(1) 

194 

17 

105 

42 

M 

: 2'5 

1 




(^) 

227 

67 

113 

47 

1-4 

: 2-4 

1 


„ 

M 

13) 

233 

5'i 

116 

65 

*8 

: 1'8 

1 

HI 2 

9 X 

BXI 77 S 

(5) 

2o3 

62 

123 

68 

'9 

: T8 

1 



Total 


997 

228 

467 

222 

1 

: 21 i 

1 



Expectation 



m'73 

453-5 

m’75 





^ Saunders, Report of the Third ItiUrmHoml Conference, ItXXi, on Genetics, London, 1907 . 
p. 370. 
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Table I. — (could). 

The F2 generation of crosses between bearded and (if(jed inireuis. 


Cross 


No. ot 
Prints 

P, 

GKNK RATION’ 




liein ileii 

Ilitvr- 

ineriiAli.'’ 

ip[r.i 

iLiii-i 

Punjab Type 9 (ft) 9 .< Hllj 

d) 

l:l7 

:{,T 

71 

141 

1 1 2-:; 

,, ,, 


nio 

al 

Si) 

)7 

11 : 1-9 . 
•9-17: 



IS,' 

4() 

S7 

.72 

II •! 

(t) 

117 

o’2 

,■',7 

:ki 

1 1 ns ; 

Hill ^ X Punjab Type 0 («) 

(:.) 

17.-I 

4S 

Si> 

as 

t :4 : 2-:4 : 

Tota l 


804 

215 

;4!n 

1!>S 

} 1 ■ 2 9 : 

Ex-pretation 





;-o- 


Pan jab Type 9 $ x Punjab Type ; 



244 

-2s 

‘.70 

1 : ‘2-1 ; 

ExpeclatlDii 







AmericEin Club 9 : PiJ>;a (i (j' 

(1^ 

\\U 

4 2 

,71 ; 

:4,7 

i '2 i-t; : 


(■‘1 

2ir> 

{>2 

9^ 

,7,7 

il : 1-S : 


CD 

17S 

T'S 

SI 

,'49 

1 .7 : 21 ; 


(4) 

'J7 

‘24 

49 

2) 

l-tl : 2-') ; 


(5) 

179 

47 

So 

47 

1-n ; l■^; ; 


Cb 

2<U 

on 

IK) 

,71 

1-2 : 1-S ; 

Total 


] ,oo:l 

•29:4 

4,79 

2-71 

1‘2 . l-,S : 

Expeclaiisn 




.7o/-.; 




In one of these crosses (Punja'l) Type U / Punjab T v[h“ 2-“))^ a, lacLM- mnulxa- 
of the three kinds of plants were orowii aijd tin* F,v yen tua lion rvaniint'i]. 
All the fully bearded plants and those with tips bnal true. wFilc llio Iialf 
bearded plants again split up into fully heaide.d. jialt i and f ippi'd 

plants in the ratio 1:2: 1. The details rehitiiiy to tlurty-otn' of lli(>s<‘ rul- 
tures are given in the following table : ■ 

Tablk Jl. 

The F3 generation of a cross between hcardeii and l/pjwd jtaren(->. 


Plant 

No 

Bcardin;; in F;: 
parent 

No, of plants 
in K;; 

BK,OU9.V<i I.S’ tub F, OK.VKK.vrjn.s 

l'('-t'nlr*tl Inltsrmciliiito Tipp- 

10 

Fully beavdect 

77 

77 

31 

do. 

iXI 

IX) 

218 

do. 

77 

77 

233 

do. 

71 

71 

319 

do. 

S! 

SI 

459 

do. 

74 

74 

470 

' do. 

122 

1'22 

499 

do, 

87 

S7 


Carried «»ver 

679 

(179 
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Table II. — {confd). 

Table F^yeneratiou of a cross between bearded and tipped parents. 


BEAUDING in TUJS Fj UENEiaTlON 


I’latit 

Ilcariling in Fa 

No. of plants 




. 

No 

parent 

in Fj 

Fully 

bearded 

Intermediate 

Tipped 


Brought forwiinl 

679 

679 


... 

611 

P'ully liearOerl 

139 

139 



649 

Uo. 

122 

122 



9-24 

flo. 

132 

132 



65 

Tipped 

75 



7o 

UH 

do. 

99 



99 

.5(J9 

do. 

102 



102 


do. 

115 



175 

582 

do, 

91 



91 

787 

<lo. 

96 



96 

m 

<lo. 

ni 



94 

949 

do. 

8H 



88 

1004 

do. 

113 



113 

1926 

do. 

94 



91 

1 

Intermediate 

60 

16 

26 

IS 

1 

do. 

19 

15 

27 

7 

30 

do. 

93 

21 

49 

*23 

75 

do. 

86 

19 

41 

•26 

79 

dn. 

!)2 

14 

27 

21 

1S4 

do. 

63 

18 

33 

12 

317 

do. 

83 

17 

43 


H6S 

do. 

70 

1 1 

31 

24 

401 

do. 

Of) 

29 

38 

23 

468 

do. 

77 

19 

42 

16 

481 

ilo. 

66 

)5 

.34 ■ 

17 

18 

.507 

do. 

70 

17 

3.'> 

023 

ilo. 

51 

12 

2S 

U 

7wn 

do. 

62 

H 

27 

17 

803 

do. 

66 

12 

39 

15 

818 

do. 

SO 

17 

46 

17 

S63 

do. 

.55 

IG 

23 

16 

911 

do. 

89 

20 

46 

23 

973 

do. 

80 

•20 

14 

16 

noo 

do. 

67 

U 

3< 

15 


Total 

1,419 

344 

717 

358 


I'xpectalion 


■754 V. 5 

rt/j-5 



Ratio 


■96 r -J : 1 


Bearded x Beardless. The crosses between fully bearded and absolutely 
beardless parents, in which the Fi generation was almost beardless, will now 
be considered. This was observed in the pure line cross betweeii Pusa 22 
(bearded) and A 88 {entirely beardless). The Fi, at first sight, seemed beard- 
less but on dose examination very short tips could be distinguished. In the 
Fj, a series of foi’ins was produced which could be grouped with some difficulty 
into fully bearded. Jiearly fully bearded, half bearded, long tips, short tips, 
and beardless (Plate II). If all the variously bearded and tipped plants 
arc classed as bearded, which would seem to be the best method, the ratio 
bearded to beardless obtained is 15 : 1 and the presence of two factors is 
indicated. The details relating to the F^ generation arc given in Table 111. 
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Table Jll. 

The F 2 generation of cram's between heuriled und guile beurdb ss /Mirenls. 


Beaudini; is the (Jr.SKUAnoN 


Cjioss 


No. of 
pliviUa 

Fully 

Almost 

fully 

boarded 

ILdf 

Ti>uf Uoahi!, 




bearded 

boarded 

varyiii»> 

lon^tli 

A 88 $ X Pusa 22 S 

(1) 

lijiS 

12 

11 

12 

lU !l 


(21 

247 

18 

n 

28 

17,1 17 

„ M 

[^) 

208 

16 

20 

:n 

174 17 

Pusa 22 9 

(b 

117 


11 

17 

76 ,s 

1. 

(5) 

ino 

U) 

12 

2‘) 

1:1:1 12 

Tut .VI. 


WS(i 

6) 

65 

12 f 

6;:i l»;} 

Katiu 



1 ■ 

1 

- 

107 1 


It was suggested, iji tlk! provious papor. that (hi* siu\picsi I'xplanutioh 
of tiiesc results appeared to ho tiiat, iutlio hoarded parent, two factors are 
present, one capable of producing short awns or tij>s only, the other, wln-n 
added to tbis, resulting in fully boarded plants. On the ihosojico and ahsenoo 
hypothesis, the results of the various crosses would l)e represojited as follows. 
Assuming the fully bearded parent contains two factors il and T(H represent' 
iiig the long and T the short factor), the ti))ped plants contain only one 
factor T, wdiilethe absolutely beardless j^lants contain neither, then 

1. Fully bearded wheats would be iiprcsontod by illiTT. 

2. Flants >vitli tips only would be roprcsculcd by bi)TT. 

3. Absolutely beardless plants would be represented, b\’ irbtt. 

4. The cross P 22 x AHd between a fully bearded parent {HifTT);iiid 
a beardless (bbtt) would give PbTt iji tho Fo wlulc llioF’ nould be 
represented by tho fonnula n 

BBTT -b 4 BbTt -b 2BbTT 4 - 2BBTt + hhTT -b 2!d)’rt 4- IBUI. 4 
2 Bbtt 4 - bbtt. 

To place the matter beyond doubt and (0 isolate if possible tlie two 
factors, the cross was continued to the .Ft generatio]!. 

In the F 3 , as many as possible of one of tlic .“ots of ly. plauls \\or{‘ groajf. 
The second set in 4 able III was sidccted and oul o| the wlnilcJlT plants -tjo 
were found to have rij)oncd sullieieul seed )or soning, Of llio sev<‘Ut«-c!i 
I'omainilig plants, one wa.s de.soibcd as tuily bearded, two as ludl l>l•,udl,•^l 
while fourteen were tipped. Four distinct classes o| j>ian 1 s gave uniforni 
cultures in the Fj-'fuliy bearde<l like h22. rpiitc beardless like A atif, {datu . 
with long tips and plauta vcith short tips, L huso two classes of tipped plant'' 
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proved to be the two constituent factors of the fully bearded character. 
Some practice is required in distinguishing them. In the long tipped plants 
(Plate VI), the beards are only found at the tip of the ear where one is often 
much longer than the rest. In the short, tipped plants (Plate VIl), the beards 
arc more or less the same length and are generally uniformly distributed 
over the upper two-thirds of the ear. If these two sets of tips are examined 
closely, it will be found that the short factor serves to distribute the found- 
ations of the bearding over the whole ear, while the long factor acts as 
an intensifier. Besides the four sets of cultures which bred true in the 
F3, five different kinds of splitting could be distinguished. Fifty- four 
cultures resembled the F^ and gave all stages from bearded to beardless 
in the proportion of about 15 bearded to 1 beardless. Out of a total 
of 2,510 plants, there were 171 fully bearded and 159 quite beardless. One 
set of cultures, S3 in niimlnn', split into three well defiiied classes- fully 
bearded, half l)earded and long tips in the proportion 491 : 974 : 467, thus 
indicating tlie ratio of 1 : 2 : 1 . There was a corresponding group of 22 
ciiltui'cs which split into three groups- -long tips, intermediate and beardless 
in the proportion of 292 : 586 : 233 which also indicates the ratio of 1 : 2 : 1. 
There were also two similar series of splittings, in which the short-tippetl factor 
was coneerned, in both of which the 1 '. 2 : I ratio was apparent. T'he first 
of these bct>veen fully bearded and short tips occurred in 40 cultures in which 
the proportion of fully bearded, 3tearly bearded, short tips tvas 516 ; 1007 : 
494. The second, between short tips and Iteardless, rvas represented by 24 
cultures in which there were 246 short tips. 551 intermerliates and 261 beard- 
less. Tlie last four of these series are illustrated in Plate 111. The interme- 
diates betrvceu long tips and beardless and between short tips and beardless 
can be distinguished. In the fornior, the long ienninai tip of the long tipped - 
factor occurs about half-developed. In the Fi between short tips and beard- 
less, the beards almost entirely disappear and can only be distinguished 
after some practice. 

When the above tables are compared with Table III, it will be seen that 
the rough classification of the F^ into 18 fully bearded, 1 1 almost fully bearded, 
28 half bearded, 173 with tips of varying length and 17 beardless was not 
quite accurate. The ears of the F:j were examined at harvest time when it 
is exceedingly difficult to prevent damage to the awns in the dry heat >vhich 
prevails at Piisa at this period. Of the seventeen plants described as beardless 
in 1912, twelve gave rise to uniformly beardless offspring while five split 
from short tips to beardless. Before the plants were examined in 1912, 
the short tips of these plants must have suiiered considerable damage, Eight- 



The generation of a cross bekveen a /«//.; .. ^ 

*'^ ■■'■ '■’ '•■■ -N Tt(l Olti»»ATION, 1 


PUot DO, 

xn P2, 
1912 


Bearding No. of plants ^eardL 

inFo , xn F;; BBTT 


Minute tips 
BbTt 


Half N,-,^ 

bearded bf.;r'b‘ii 

RB'rt Hr’- 


U'uj tips 


llBtt 


Minute 

Rbtt 


24 

Fully bearded 

86 

36 

37 

do. 

75 

75 

44 

do. 

20 

20 

45 

do. 

48 

48 

59 

do. 

44 

43 

61 

do. 

52 

52 

81 

83 

do. 

do. 

18 

17 

13 

17 

9\ 

do. 

34 

,84 

148 

do. 

89 

89 

149 

do. 

19 

19 

150 

do. 

58 

58 

165 

do. 

27 

27 

167 

do. 

49 

49 

194 

203 

do. 

do. 

60 

62 

60 

62 


One stray plant, prcbably a natiir il . m^s. 



Total 

65:i 


Expectation 

05^1 

10 

Tips 

75 

14 

do. 

77 

15 

do. 

73 

60 

70 

do. 

do. 

92 

59 

93 

i:« 

do. 

do. 

48 

75 

133 

do. 

62 

141 

do. 

90 

191 

do. 

48 

206 

214 

do. 

do. 

48 

47 

226 

do. 

61 

228 

do. 

43 

232 

do. 

49 


Total 

947 


Expectation 

^47 


103 

Tips 

no 

do. 

112 

do. 

116 

do. 

134 

do. 

155 

do. 

161 

do. 

171 

do. 

177 

do. 

198 

do. 

202 

do. 

222 

do. 

241 

do. 


nil 

56 

69 
56 
79 
61 
42 

53 
41 
25 

70 
51 

54 


Total 


Expectation 


3 

Beardless 

12 

do. 

18 

do. 

39 

Tips 

107 

Beai^less 

120 

do. 

122 

do. 

130 

do. 

142 

do. 

143 

do. 

179 

do. 

184 

do. 

242 

do. 


707 

707 

25 

48 

41 

, 8 ) 

34 

29 

91 

8 S 

90 

76 

41 

68 

46 


652 

05.1 


Iff 

77 

78 
92 
59 
4N 
76 
62 
90 

48 

48 

47 
61 

48 

49 


947 




'\.\w- V 




The Fz generation of a crons tidiren' • 

J ■ ''*'(/■(/(./ and a 

quite 





thi K 


Plant no. 
in F 2 , 
1912 

Bearding 
in Fa 

Xo, of plants 
in F, 

beaded bsirb'l 

BBTT BBTt 


Mit 

4 

Tips 

68 

4 



5 

do. 

39 

2 



8 

do 

39 

3 




do. 

55 

4 



17 

do. 

21 

5 



20 

do. 

42 

3 



25 

do. 


3 



26 

do. 

54 

3 



27 

do. 

82 

3 



30 

do. 

25 

3 



32 

do. 

28 

3 



35 

do. 

16 

0 



40 

do. 

55 

2 



13 

do. 

50 

3 



49 

do. 

49 

2 



f6 

do. 

31 

r 



57 

do. 

25 

0 



73 

do. 

46 

3 



74 

do. 

51 

2 



86 

do. 

47 

3 

2 



87 

do. 

.50 



91 

do. 

65 

9 



99 

do. 

57 

5 



108 

do. 

52 

4 



Ul 

do. 

112 

8 



113 

do. 

24 

0 



119 

do. 

52 

5 



121 

do. 


2 



131 

do- 

57 

4 

0 



138 

do. 

.54 



139 

do. 

38 

(1 



153 

do. 

53 

7 



156 

do. 

42 

3 



■ 159 

do- 

58 

7 



160 

do. 

67 

3 



162 

do. 

75 

0 



170 

do. 

74 

0 



175 

do. 


4 



182 

do. 

58 

3 



189 

do. 

51 

3 

3 



190 

do. 

78 



193 

do. 

54 

L 



195 

do. 

71 

7 



197 

do. 

67 

4 



200 

do. 

61 

4 



204 

do. 

26 

2 



205 

do. 

46 

1 



210 

do. 

6 



212 

do. 

'! 

1 



217 

do. 

23 

2 

2 



233 

do. 

25 



234 

do. 

82 

3 



237 

do. 

56 

4 



246 

do. 

-58 

7 





- 

... — ■ 




» Total 

2,540 

174 




(Omitting nos- 25, 205 & 212) 
Expectation 




Tablk \ i 


The i\ generation of a cross hctwecu a (,• 





' • rjiii i 

i’ully 

be<»rdid 

BBTT 

MinuUi tips 
BbTt 

Waif N. , 

beardod iTf.*. 

BB'rt U» T ' 

i U-;: 


11 

Inter mediate 

21 

6 

It) 


:l 6 

8 

•21 

df). 

81 



do. 

59 

16 

4<5 

do. 

,54 

12 

51 

do. 

80 

27 

54 

do. 

SI 

20 

76 

do. 

56 

n 

W) 

do. 

59 

19 

85 

do 

76 

‘22 

90 

do. 

63 

14 

101 

do. 

72 

19 

106 

do. 

71 

12 

114 

do. 

30 

4 

115 

do. 

61 

16 

118 

do. 

60 

U 

126 

do. 

28 


152 

do. 

>29 

4 

158 

do. 

55 

17 

168 

do. 

71 

20 

17:1 

do. 

67 

17 

17+ 

do. 

90 

15 

181 

do. 

.58 

■20 

185 

do. 

55 

17 

187 

do. 

49 

12 

192 

do. 

69 

14 

201 

do. 

SO 

17 

208 

do. 

,55 

S 

207 

do. 

59 

21 

218 

do. 

48 

1 :^ 

221 

do. 

86 

29 

2:15 

do. 

66 

■23 

236 

do. 

:io 

3 

•240 

do. 

,57 

16 

96 

do. 

27 

11 

146 

do. 

44 

11 

172 

do. 

;i6 

8 

2<»8 

do. 

32 

7 

•216 

do. 

60 

Ifi 

281 

do. 

54 

18 

■245 

do. 

,55 

14 


Total 

>,ni7 

,516 

(Omitting noy. 96, 146, 17: 

l, 208, 

■216, ‘231, 245) 

ExpMtaiion 



7 

Tipy 

2.5 


36 

do. 

.57 


41 

Beardless 

18 


53 

Tips 

56 


6*2 

do. 

■29 


6:5 

do. 

45 


72 

< 1 o. 

:43 


88 

do. 

.58 


105 

Beardless 

79 


109 

Tips 

62 


m 

do. 

45 


127 

do- 

31 


128 

Beard leas 

■29 


i:» 

Tips 

49 


145 

Beardless 

6:1 


151 

Tips 

42 


157 

do 

67 


169 

do, 

45 


17S 

do. 

2,5 


199 

do. 

42 


209 

do. 

63 


224 

Beardless 

'■ii 


227 

Tips . 

■>> 


239 

do. 

51 



Total 


1,058 




The F;, gmeraliim of a crofs 


' IN !«K Frj r.KNKHATlOS 


’lant no. 

Bearding in 

No. of 

plants 

Fully 

Minute tip 

Half 


in Fij, 

F3 

in 

o 

biarded 

BliTt 

bearH«(i 

! Umg t)|is 

lfll2 




BBTT 


RBTl i 

i| BBtt 

1 

Intermediate 


61 . 

16 


:it) 

l.l 

9 

do. 


51 

10 


2s 

13 

2*2 

do. 


71 

•’ll 


31 

20 

28 

do. 


68 

20 


32 

16 

31 

do. 


•24 

4 


13 


33 

do. 


.56 

13 


30 

IX 

38 

do. 


58 

15 


29 

1( 

47 

do. 


5.9 

10 


:ii: 


48 

do. 


75 

15 


42 

IH 

.52 

do. 


24 

7 


l.j 

0 

58 

do. 


91 

31 


43 

17 

64 

do. 


59 

15 


27 

17 

65 

do. 


64 

19 


3(1 

15 

66 

do. 


75 

15 


12 

IS 

67 

do. 


62 

14 


,33 

1,5 

69 

do. 


46 

13 


27 

K 

75 

do. 


59 

13 


29 

17 

78 

do. 


70 

15 


37 

IS 

89 

do. 


57 

18 


27 

12 

95 

do. 


58 

15 


2S 

1.5 

100 

do. 


53 

13 


2.5 

15 

129 

do. 


69 

US 


.31 

■20 

154 

do. 


48 

11 


25 

!2 

176 

do. 


69 

13 


37 

19 

180 

do. 


65 

17 


.34 

1.5 

183 

do. 


74 

19 


39 

16 

188 

do. 


36 

6 


20 

10 

21 S 

do. 


66 

27 


2(1 

IX 

219 

do. 


72 

20 


31) 

Hi 

220 

do. 


60 

18 


30 

12 

225 

<io. 


69 

20 


34 

1,5 

"’.7 

229 

do. 


61 

11 






Total 

1,934 

491 

974 

16'.i 


Expectation 





19 

Tips 

31 



11 

17 

29 

do. 

52 



21 

50 

do. 

78 



s 

77 

do. 

33 



17 

79 

do. 

64 



11 

82 

do. 

36 



27 

93 

do. 

86 



10 

97 

do. 

52 



A 

98 

do. 

39 



•1 

104 

do. 

49 



12 

117 

do. 

44 



A 

123 

do. 

37 



16 

140 

do. 

68 



18 

163 

do. 

69 



8 

161 

do. 

36 



12 

166 

do. 

46 



9 

196 

do 

45 



15 

211 

do. 

53 



7 

215 

do. 

:19 



15 

223 

do. 

49 



14 

238 

do. 

62 



11 

243 

io. 

53 








- 


292 


Total 

i.m 



?::•/ 


Expictation 

l,W 








Table IX. 


generation oj a ctosjs '^etween a fuJ^ bearded and a quite beardless “plant. 

BeABD^O IK THE F* Gbnbbatiok, 1914 


Kally beardid 

BBTT 

Uiaute 1 HaH bearded 

BbTt BBTt 

Xearly bearded 
BbTT 

Lod|; tips 
BBtt 

Miaute lips 
Bbtt 

Short tips 
bhri' 

Minnta tips 
bbTt 

Beerdlfif- 

bbtt 








89 

69 

74 

75 

74 


m 

3SJ 


57 

77 

72 

94 

86 

95 


481 

m 


81 



88 



58 



27 

41 

21 

21 

28 

18 

12 

18 

13 


79 

70 

61 


90 
85 

91 
74 
76 
79 


79 

64 

77 

77 

91 

77 


71 






f\ fii'iifratiori nf 

(HI f 

! ■ 


Ht'nniiiit: In 



leMt 

Plant no. in 

\'0. vt ]. 

\ int.. 

UTT 

131:5 


ill Ft 

F'F’v li.’nr i.' i M 




■Riiir 

'•'■•l-l Hf) 1 





60 





85 

24:^- 3 

BBtt 

4S 


... 

14 

do. 

til 


15 

21 

do. 

.Ml 


21 





31 

33 

Bbtt 

.51 




do. 

IS 



54 

do. 

71 



21 

bblt 

71 



14 

do. 

tilt 

Two ^tr.iy 

Vlai.ts,6(i 


14-27 

32 

34 


BUtt 

do. 


15-23 BBtt 

51 do. 

55 <lo. 


70 

H'J 

16 

13 

e.5 

ir. 


93-lH 

Blltt 

29 

do. 

34 

do. 

42 

do. 

191-4 

BBtt 

20 

do. 

31 

do. 

33 

do. 

34 

do. 

■231—2 

14 

BBtt 

do. 

13 

do. 

24 

do. 

S5-44 

IllVl'T 

51 

iiu. 

53 

do. 

30 

BP/l’t 

3d 

do. 

55 

do, 

20 

HBtt 


Mi 


2S 

Ml 


H2 



75 



14 



19 

SI 


... 20 

no 



-■iH 



!12 



5t7 


47 



75 

50 


41 

.59 



05 

... 

19 

37 


14 

59 



57 

.57 


51) 

SO 

4H 

SO 

•20 

. 58 

SI 

10 

97 

101) 

20 

27 

?,) 


22 


bO 


1.5 

15 

12 



Table X 


emraijan o] a cross ^ bearded and a quite beardless plant. 

Bea&ding in thb Generation, 1914 

Folly beardid Minute tips 


p„ Half bearded Nearly bearded 
BBTt BbTT 

L')nB tip? 
BBtt 

Minute tips 
Bbtt 

Short tips 
bbTT 

Minute tips 
bbl't 

Beard le< 
bbtt 

••• :: 

4S 

61 

69 






11 

11 

22 

26 

26 

34 



U 

11 

\5 

possibly natural crosses 

93 

97 

95 

86 




71 

.58 


68 

73 

60 






86 

89 

82 

62 






84 

116 

5:1 

92 

97 






60 

59 

a6 

37 






136 

18 

47 

18 

41 

33 

.. .. 

72 




Table XL 


generatio'ii »/ a cross b^AiVeen a fidly bearded and a quite beardless pia-nt, 

BSABtHMC IN TUB GBNBBATJON, 1914 


No. of 
nts in Fj 


80 

86 

85 


Full; beHrded Minute tips Half bearded Xearlv bearded Long tips Minute tips Short tips Minute tipi 
bbTF 


BBTT 

80 

86 

86 


BbTt 


BBTt 


libTT 


BBtt 


Bbtt 


bbTt 


G2 

t) 


32 



15 

97 

21 


65 



21 

112 

31 

... 

63 



18 

V 






all 

104 






104 

64 






&1 

60 

60 






70 

70 






82 

82 






82 

2‘2 


42 



16 

92 

16 


53 



23 

72 

13 


40 



19 

94 

25 


48 



21 

69 

16 


36 

... 


18 

61 






61 

63 






63 

36 

35 






26 

26 


... 




82 

82 






75 

75 



... 



54 

14 


27 



13 

70 

19 


31 



20 

62 

20 


24 



18 

62 






62 

64 






64 

47 

47 






75 

75 






41 

41 






70 

19 

36 


15 



68 

14 

34 


20 



68 




68 



63 




63 



68 




68 



48 

48 






68 

58 






97 

97 






94 

27 

53 


14 



75 

22 

37 


16 



96 

24 

46 


25 


... 

41 




41 



43 



... 

43 



80 

60 


... 

... 



58 

58 






66 

16 

30 


21 



64 

16 

38 


11 



38 

12 

13 


13 



57 




67 



er 




59 



66 



... 

66 




Beard lees 
bbtt 



HOWAUD and howaiu. 




een plants were described as Mlv boar.M in tl,,. F. (Ifi!,.,, .. > 

not sown, sirternr bred true and gave enh- lully lu.'.od^d wb.K. 2 

split from folly bearded to tips, ,\n,ong the IW mtermedi.it,. ,.„in,r.. w,tl. 
beards of various lengths, only gave result, whlcl, wcv :u„ -led 
This was composed entirely of hear, Hess plaut.s. , h, |„uv,ug i, 
not been accuiateiy doscriliod at haivor^t time. 


The actual results of the exatnination n{ the i-imipaivd w ti h ihi' iIum- 
retical numbers rolatin;: to tlm \vholf‘ -JIT h\> iiLmt;;. ai'' s.m mit Tahh* 
VIII. The discrepancies are due to the fad iliai ^evcntivn plant. i,nt 
grown, one fully hoarded and sixlefft tipped 


TaiUiI-: VI U, 

SumMOJH of Iho (l‘0<Clt(tioil of a rtn.AV (,r!>rn >, ,l f^lif u,ul 

BBTT til, it |;|,TT’ ijini l:[;u la u i.,'! ! i.i.n I.i.i'. 

Actual lU a-f 4n i:, ‘j'j t.'i :’i !'; 

T/igoredr.af /'■* '■’/■<• ' r,-, .',-v • 

The various stages in hoarding beiwi-ini ‘Im fullv awiird and lH>aldll•s■^ 
condition with the oxcepti<in of plants like tlm l-'i witifii iireslnnvn m I’lah* 
J1 are illustrated ij\ Plate III. On rln^ hd't h<ind .sidn. tlm stages briwn'n 
fully bearfled aiul longtips and ]>e.twcen loii'i lip,, and Ix'jjrdlrss art* ri'pir.mf- 
ed. On the I’iglit. the coj'i'cspoiidnig stage. biBwiM-n lii'anind an<l biMt'dlcss 
ill which the shint tijiped factiu- is iomaniied. am sinovn. 'I'Im' L'ainntj,’ 
constitiitioii of each forui is giveji nu Plate III, 

The results of the third g’eiutnition were eontirufed b\ tbe iathaiifUir uf 
selected plants carried to the Tli(‘. long tijis and slnur t;jis bri'd true as well 
as the bearded and beardless plants. The detailfd n-suli.s «>! ihi. gcncndion 
are set out in Tables IX to XI opjiosite. 

The isolation of the two factors, which togctliei prodiico the i'uliy bearded 
character in w^heats like Piisa 'J.~ wa.s iuKowed by tiie dotection i,f similar 
forms among the collection of nanclius at Pirsii, Several wheats with sliort 
awns breeding true had already lieen noticed and these wen* now c-a.rcfully 
examined. Pusa B appeared to carry the long tipjied fmtor wldlo Piisa 7 
seemed to have short tips (Plate \ ) 
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It was tli«n decided to recombine the short and long tips which had 
been isolated from ftie of the cross P 22 x A 88 and also to cross Piisa 6 
and Pusa 7. We should expect, in both cases, to obtain similar results in 
the Pi> namely, plants with minute tips represented by the formula BbTt. 
In the F 2 > a series would he expected from fully bearded to beardless with 
bearded to beardless in the ratio of 15 : 1. 

In the recombination of the bearding factors of P 22, the long tipped 
parent was numbered 243-21 while the short tips were obtained from 126-27 
(Plate IV). The cross was made in February 1914 at Pusa and the seeds 
were at once despatched to the new Expcriinent Station at Quetta where 
they w'ci'o spring sown. I'ho Fj plants ripened in June 1914 and the seeds 
for the Fo were sown at Pusa the following October. In this way, a year was 
saved. The Fi plants were ahnost beardless while the Fo ranged from beard- 
less to fully bearded. Fifty-inne plants were obtained of which four were 
beardless and four fully bearded. All stages in bearding were represented 
in the remainder. 

In the ease of the cross P 6 x P 7 the same procedure was adopted and 
the results obtained were similar. The Fi was almost beardless while in the 
Fo, fully bearded, beardless and all stages of intermediates occurred. Trvo 
hundred and seven Fo plants were raised of wliicli 15 were fully bearded 
and 11 beardless. The combined results are set out in Table XII. 

Table Xil. 


T/ie F2 generation he tween long lips and short tips. 


L’llOSS 

Total no, of 
plants 

Bearded 

Tti termed iates 

Bc.ardlesf< 

Ratio 

243-21xrJ6~27 

59 

4 

51 

4 

m5: 1 

Expectation 

0 

-Jv'' 


o'7 


Pusa 6 X Pusa 7 

207 

15 

181 

11 

17‘Sl : 1 

Expeciulion 


IS 


n 



The results obtained in crossing long tips and short tips and the produc- 
tion of fully bearded plants in the Fo breeding true, would explain the earlier 
observations of Rimpau and Spielinann on this point. If the tipped forms 
are regarded as beardless, a natural conclusion some years ago. it would be. 
easy to get bearded forms in the second generation and so obtain t[iiite 
unexpectedly an entirely new character. 

Two other cases of a cross bctw'eeii a bearded and quite beardless parent 
were investigated. When Punjab Type 9, a bearded wheat, was crossed with 
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Pusa 4, ail entirely beardless iorm, CIO plants woie cxauiiiuHl.iu iho K.. Oi 

these, 39 were beardless and the remaining 571 awiud tu viuyiniv 
degrees ranging h‘om fully boarded U. imiuite tips. I'he latiu Ik aid, d t^.'bvard" 
less was therefore U'd: 1 indicating tlie exist eneeut i w., tutors m ,h,. bearded 
parent. Similar results were obtained in the K- between ItXl |\,|jv 
bearded form, and Pusa 1. Among 57(> F. plants, 1:1 were (|Uiie beardless, 
the remaining 533 carrying awns oi various kinds ti iun I'ldlv be.iub'.t lo small 
tips. These numbers give a ratio oi bearded to beaidliss of 131; 1, 

The isolation of the two constituents of the fully Ijearded eb.imrler niav 
prove of some practical \alue in India wliere there is. aumim die p<’iijde m 
ceiiaiu localities, a pietercuce for awued wheuis. The rvuts eoiisid,>r 
bearded wheats bold their grain better than beardless wheats and are .ilso 
daiiuiged by birds and wild pigsto a lesser extent. Tlie disadvaut-mes of awns, 
however, are considerable. ])artienlarly when it is ilesired to -irowluMw erojts, 
The greater resistance ojfeied to tlie wind and the increased wtUL'lit nl' iln- rai 
(caused by the depositioii of dew and rain watei' ;uuouu die awns) lendei 
bearded wheats veiy li:il)le to lodge and so bibig about a ouieli greater loss of 
crop than is ever caused by ])irds. anitiials. nr by the slu'diling of grain, ilv 
the selection of suitable tyjies with short or long dps. it might be jiossible to 
meet the prejudices oi the Jieople wliile avoiding tlm main disadvaiilagc.s o( 
long awns. 

During these expcrinuMits. it was obseiv ed duit the devibijiineiit id the 
bearded or beardless cliaiacter was not alwa\s unilonn. If all die ears of a 
plant are e.xaniitied. it i.s found lluit there isu (lonsiderahh* raug<‘ in \ai‘iadon. 
Tnthecase of cultures breeding true to long orslmit tijis.this is partunlaily the 
case. The first formed and largest ears have.! li(‘ longest awns wjiile dm.sc wliidi 
are produced later have alino.st no awns. This jioiiii i.s illiisdated in Plates \ I 
and Vil, in which all the ears of a long and short tij)))cil plant are sliown. In 
both cases, oneor more of the ears aic almost heaidless, In like manner. tlivn‘ 
are similar differences betwccji tlu" aA'crage atiioiml of licartlmganiunglhe long 
and short tipped cultures taken as a whole. In some, tin- character is more 
developed than in others. This a.pj)ear.s tola- hugely a matter o! vigour. Weld 
growni cultures do v'clop tips norinally and tliire is no diliieuh \ in dei iding 
whether the tips are lojig or sitoit. In wealun cultures (and in the last loinicl 
ears of any particular plant) the tips do not grow well and care, is necessary l<i 
disliiigaish their nature. A similar state of things was observed in die beard- 
less parent itsch. The first formed and .strojigej,! oars of aiiy jiartieiilur plant 
show very iiimilte tips wliile in the lust Imiiiea thisse are ulseut (I’laf VII I). 
Such variations as tlitse betwcei, the eais m[ a siiip'le plaut ant Iteiii;; 
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constantly obsarved. They show how necessary it is in plant-breeding work 
that the crop should be grown to perfection so that each character attains 
its fullest expression. 

Tn the actual conduct of the breeding work, two points of some importance 
were encountered which deserve mention. Observations on bearding are 
best made when the ears are still green and just before the chafl begins to 
change in colour. If a well developed ear is taken from each plant at this 
stage, the analysis of each culture can be made at once and the w^ork completed 
before the ears ripen after which the danger of damage to the awms by high 
winds is considerable. The second point is concerned with the raising of 
complete cultures from any particular plant. Sowii jji the ground there is 
often a considerable loss of plants after sowing time caused by high tempera- 
tures. If such cultures, even when the grain is shrivelled, are hist sown in 
boxes and then transplanted into the field in early November, no loss takes 
place. PlaJits raised in this manner are always healthier and better developed 
than those sowi\ direct in the ordinary way. 

II. Felted and Smooth Chaff. 

In the previous papen, a detailed account was given of the inheritance of 
the felted character where two factors were involved. Several cases of simple 
felting were als(j described. Wlioi the pure line, known as Punjab Type 9 , a 
form witli densely felted chaff, was crossed with a wlieat with smooth chafl, 
after an intermediate V'l, a series of forms from densely felted wheats, like the 
parent, to smooth was obtained in the second iieneration ; the ratio felted to 
smooth being lo'2 : 1. An examination of the chaff of Punjab Type 9 under 
the micrciscope showed that tw o kinds of hairs w'erc present - long silky hairs 
and much shorter ones. An analysis of the P3 and subsequently of the F2 
generation resulted in the isolation of these two kijids of hairs and in the 
proof that each kind is inherited separately. 

Among the (grosses, felted by smooth, examined, tw 0 were of some interest. 
In the felted parents, only one class of short hairs ^vas distinguished under 
the microscope and in both cases the 3 : 1 ratio was obtained in the Fo. The 
felted parents in these crosses w^ere pure lines selected from common wheats 
and are described in the records as BXI 77 and Pusa 4 . It appeared, from 
direct examination, that the hairs on botb these wheats might be different 
and accordingly they have hecii crossed together and also with Punjab Type 
9. If the felting factors in BXI 77 aiid Pusa 4 are difTcrent, a cross bet'ween 
these would give smooth progeny in the Fg. If they are different from the 



howaku aku howakh 


short tactoT m Piuijah Type h, the i.iri,) felte,! t,. „ 

be 63 ; 1 . 

To investigate this matter the l,.ll,nviii.! er„ese, «, „■ 

1. Pusa 1 X BXl 77. 

2. Punjab l\])o 0 x Piisa 1, 

3. Punjab Typ,> 0 x UXl 77 

Pusa4 X BXI77. I„ the I-',, the leltme ,„|,e, ,i 

that of either parent l.ut. as the plants were pa it ieiilarle « ell-ermi a 
might he due to the full expression ot the fehed .hatarier, ri,e . 
of the p plants was gianvii in llil I and the pi„ee„v aas esainine 
last. Tba ro, suits nix in Tahla XIII 


J83 

won I, I 


IMI:? 


li'an 

livf 

Ipiil 


Tmu.k xml 


The F-2 (}ener<i!ion c 

>f U r7V»,<.s‘ 

hviu'vrn pf(ccf<Cs- 

il'ilh I'l l!/,,,; 

Total n 

■>. of jrlailts 

i-VitrO 

'III... U, 

(11 

un 

mi 

0 

Ch 

XI 

C7l 

il 

m 


J.H 

i] 

(4) 

m 

;«i7 

1) 

■ (5) 

25(1 



TOTar. 


I 

.. 

The degree of hdtuig 

111 tliose 

I'J’Jd P-i ))lau!s w 

as iiliilunti Diil'i 

class of hairs was present 

. The )■( 

‘suits JUTO'o (IkiI 

t lio hh !u</ lai-lnis 11 

parents P 4 and RXI 77 

are really identicai. \\’}i 

eu »*\;) mined 'n iin- 


years, tlie hairs of these wlieats seeiii(>(! ilifhnrnt. Tlifir ;iir two ti';is<itis foi- 
this apparent diftereiice. fn the iiist place. P j is Jii'aidli'ss ioid lt\l 77 i.-, 
bearded. The presence (d rite bemds piotccfs fltc (haiy ruhliut'r ;uif! 
from loss of hairs due to Iliis cause, hi flie second phn-o tlic i]»>\ c!op()i(*iil 
of the hairs depends on the season and rlii' limiltldiMss of ih<' plant (In viLfot' 
oils plants, the hairs appear longer and stronger iIkiu on weak indi\ idiials. 

Punjab Type 9 x Pusa 4. In tliks case. t!ie fonne.r paicnl cariie.slwo 
felting factors, the latter only om*. Tlie ohjecl ol' ike cross was to delertiiiin* 
whether or not the short factor of Ibiiijab Tyjie K is <li)Ier(‘iit from tlio siiiiplo 
hairs of Pusa 4. if they are different, tliree factors would Im inv<>lvet! and 
the ratio felted: smooth in the hb would he (1:1 ; I. 'I’lie I'd plant.s w<Te 
exceedingly well developed and the IVlting was very dense, niueli de.nscr than 
in the case of Puss 4 or RXI 77. In the Ko. no smooth individuals wei<^ olUained 
arid the felting was not uniform. Idvc Pi ])Iauts were grown for the I'b ami 
from these 1,385 individuals were obtained. AH were fcltc<i and not a single 
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smooth plant was obtained. The felting in two of the five cultures was now 
examined in detail. The plants with felting like P 4 were picked out by eye 
and these were confirmed by comparing their chaff with that of P 4 under the 
microscope. The miilts are given in Table XIV. 

Table XfV. 

The F2 genera f ion of ft cross between comple-r amt sirngle felled jxirenis. 


Punjab Type 9 < Fiisa 4 (1) 

(5) 

Total 

The results indicate that the short factor in Punjab Type 9 is identical 
with that present in Pusa 4. There is some divergence from the theoretical 
but this was due to the material. In 1915, many of the cultures at Pusa 
including this cross \vere badly damaged by rust and bad weather before 
liarvest. 

Punjab Type 9 X BXl 77. As in the previous case, the former parent 
has densely felted chaff in which two factors are involved while, in the second 
parent, the felting is simple. The Fi generation was not very robust and to 
the eye the felting appeared less dense than in the case of the Fi of Punjab 
Type 9 X P 4. Five Fj plants weiogrowm on for the Fo which produced 1,419 
individuals all felted to varying degrees. No smooth plants were obtained. 
In two cultures, the felting was examined in detail and was found to range 
between that of the parents. The plants with felting like that of BXI 77 were 
picked out by eye and the diagnosis confirmed by examining the chaff under 
the microscope. The legults are given iii Table XV. 

Table XV. 

The F2 generation hetu'cen complex and simple felted parents. 

Toll'll no. of Simjile C'oni[ilex 

plfiiits felting felting 

Punjab Type 9 : HXI 77 (:i) 2G0 51 209 

„ (5) 274 81 193 


Total no. of 
plants 

Simple felting 

Complex felting 

202 

.35 

167 

.310 

76 
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534 
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133-5 


402 
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The results of tlie above tliroe ovas^os piovo tliat the IVIha^ it, 1 is 
identical with that in BXl 77 and tliat tii-' in but!* tlu’s,- , ;iv,.s 1>^ idou 
tical witli the short factor in Ihinjal* 'rypc d, I'luni tlia (‘lonniiiir j.Mint of 
view, this latter result was somewhat of a disayaumituu'nt ,is it u;i>< linked tu 
obtain some smooth individuals from this eioss whiih n)i:jin hav.- j-mved of 
value, h'elted cliall is n. disadvautaL'O in llie imasTor wheat unowin-j itreas uf 
India as the hairs condense dew and so add to the wih^ht uf the i-ar and nieiense 
the tendency to lodge. Further, the tmnsluie tends to merease nist and 
other fungi on the chaff. There lias In’eii a uatmal eliminatimi uf hhed wheats 
in Bihar and it is somewhat rare to tiiid hairv chaff in the i!;)iii|ier leL'inUs nl 
the plains. In drier tracts like the Puiijah. (’oitral Ifftwimes I'.nmli.iv mid 
Baluchistan, on the other hand, felted chaff is imu h cmimumcr 


Quetta. 
July -Th 1915. 























PUBLICATIONS OF THH IMPFHIAI 
DEPARTMENT OF AGRICULTLiRh IN 1M)1,\ 


U) liK H.\[) h'KtiM 

Ths Office of ruK AftKiccLTciiAL Auviskk t.. ihk r,ux'n>ssiY.s, 

HiHaI! ; 


ami from thfi /i,!loici}}.i A<jnih ; - 


(1) THACKER. .SPINK & CO., Call: xi a. 

(2) W, NEWMAN tc CO., Calcutta. 

(3) RAI BAHAOUR M, C. SARK A R k 

SONS? Calcutta. 

(-J) HICGINBOTHAMS, Ltu-, 

(5) THOMPSON & CO., Madk.vs. 


SUNS ,\ riG 

lu THACKRR A ('<>., | ,,( 15,,,,.^, 

(Si- SCNUKU 1*.\M>1'K!-NG, 

Tij Rai suiifi M, (U'l.Vi; si\,^n v 

SONS, Umi.mjk, " ^ 

at') MaNA<.KL;, KIU'CATIUN \|, 

DKl’OT', N \(;iT i;, 


Annual Report of the Iinpevi;kl Ooparhneiit of A'^ itiiiUn e m In.Iii f,,. . 

Price, Ag. 12 oris. {Out of prhK.) a i.i i.ioui., 

Hepoi-t of the Imperial Department of A^ri'iL'uU lire m lihlia for tliii yrnis Pmmm, , iihMitr 

Price, As. 6 or Id, > >. 

Report of the Agricultural Research Institute iiml ColK'-e. Pu>a (iiirtudniu' tlic Rriu.it i.l iL ' 
Imperial Cotton KSpecialist), for tlie years l!I07-()ti. I’l ire, As, a or .V, ' 

Report of the Agricultural lle.joaroh In.stitute au<l Ihisa {iticiuiiiti-- rh.: It. ix.ii ,,(• n,,, 

Imperial Cotton Specialist.], for the yeur iyU9 Ui, Price. As, i'or mi. 

Report of the Agricultural Research Institute ami College, Pusn (iiicluding tlic KcroiI (,f th.- 
Imperial Cotton Specialist), for 1910-11, Price, As. 0 or ht. 

Report of the Agricultural Re.seardi Institute ami College, Pusa sincirniing tin* R.'iioi 1 ,,i il,,. 

Imperial Cotton Specialist), for 1911-12. J’rice, As. B or T-T 
Report of the Agricultural Research Institute ami College, Pusa inelmiing tlie K.'pou c-f tlj.- 
Imperial Cotton Specialist), for 19P2-13, Pi iee, As, 7 cu ■ ‘'rf 
Report of the Agricultural Research Institute and College, Pusl (iiulu litj;. ihe !{.-p(,ii (.( i1m- 
Imperial Cotton Specialist), for 1913-U. Price, As. N oi' it/. 

Report on the Progress of Agriculture in India for the yonis liiUT 1*9. PuctL .Vs. 11 ui- 7.^ 
Report on the Progress of Agriculture in India for fhn ycai- IDRlMd. Pnct' .Vs. (1 <.;• 7 ,/ 

Report on the Progress of Agriculture in India for the yo.ar llHO-ll. Priri>. ,\s. r„' (,i ]►. ;{.l 
{Out of print.) 

Report on the Progress of Agriculture in Indi:j for tlie year 1911-12 Prin’, -Vs, ti d i./ 

Report on the Progress of Agriculture in India for the year 1912 111 ri iiT, A'-, s i.i It./ 

Report on the Progress of Agriculture in India for tlie yeur IDPMJ, Pi ice, .V^. s ci tlu, 

Proceedings of the Board of Agriculture in Imlia, ]ie]d at J’u*. I c/ii fh.- Utli .Luiuu i iRuj 
following days (with Appendices), Price, .As. N or 9d. 

Proceedings of the Board of Agriculture ill India, held at Puss oil tlm L'lh .l.iUKny Ktoti ^ii.j 

following days (with Appendices). Price, As. 12 or h. -'d. 


Proceedings of the Board of Agriculture in Imlia, held .at Cnw lipciH! nu ilj.i isi h F. i.i 
1907 and following tiays (with Appendices), Price. Re. 12 or i-'.'. H',' 

Proceedings of the Board of Agriculture in India, held at Pu>a on fin- 17tli F.'i,n,;iiy jv-a', 
and following day^ (with AppenfiiC'C.s), J'l'icc, As, s or 9'f, 

proceedings of the Board of Agiicnltnie in India, hell) a; Nagpin on Urn l.dii I rnujiui iljn!' 

and followdng days (with AppeiuHcw'. J’l h e, As, S or 9d, 

Proceedings of the Board nf Agriculture in India, held :il Puss dm the 2Ut I'c'-nut^ PiH 
and following days (with Appcmliceft), Price, As. it nr ltd. 

Proceedings of the Board of Agricidturo iti India, lml<l at J'nsa on iho 20th NdvciuIj-jj imi .md 
following days (with Appendices). Pi’ice, An. Id or l,o {Out m. pYud.] 

Proceetfings of the Boaid of Agriculttirein Jmim, held at Cuiinhatore un tlm sih iJcLviiduu m 
and following days (with Appeiulioes), Price, hr, I - nf is- 9'/. 

Standard Curhculuui for Pioviiudal Agn'icultui'.d College. lecoinnmmF:-! by Du: Itnud .,1 

Agriculture, 1908, Price, As, 4 ur ■>,/. 



The Agricultural Journal oj inaia,—A i^uavteriy journal aeanng with subiects connected with 
agricultural econorntcs, tield and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, ingectpesta, fungus diseases, co-oper- 
ative credit, agricultural cattle, farm implements and other agricultui al matters in India. 
Illustrations including coloured plates form a prominent feature of the Journal, It is 
edited by the Agricultural Adviser to the Government of India, with the assistance 
of the Staff of the Pusa Agricultural Research Institute. Annual subteription, Re. 6 or 
88. C<i., including postage. Single copy, Ra. 2 or 3 shillings, 


Memoirs op the Department of Agkioultuke in India are 
issued from time to time as matter is available, in separate series 
such as Chemistry, Botany, Entomology and the like. 


Vol. I, No. i. 


Vol. I, 

No. 

11. 

Vol. I, 

No. 

III. 

Vol, I, 

No. 

IV, 

Vol. T. 

No. 

V. 

Vol. I, 

No. 

VI. 

Vol. If, 

No. 

I. 

Vol. n, 

No. 

11. 

Vol. II, 

No. 

nr. 

Vol. 11, 

No. 

IV. 

Vol. II, 

No. 

V. 

Vol. IT, 

No, 

VI. 

Vol. II, 

No. 

VIT, 

Vol. 11, 

No. 1 

7111. 

Vol. II. 

No. 

IX. 

Vol. Ill 

, No. 

I. 

Vol, HI 

, No. 

II. 

Vol. Ill 

, No, 

Ill, 

Voi. Ill 

, No. 

IV. 


BOTANICAL SERIES. 

Studies in Root- Parasitism. The Haiistorium of Santatum album,— 
Part T.— Early Stages, up to Penetration, by C. A, Baubeu, m.a., f.l.S- 
Price, Re. 1, (Out o/ print-) 

Part II.— The Structure of the Mature Haiistoriura and the I liter -relation a 
between Host and Parasite, by C. A, Barbkr, m.a., P.l.S, Price, Rs, S. 
{Out o/ print-) 

Indian ^Yheat Rusts, by E. J. Butleu, M.B., f.l.s. ; and J. M. Havman, 
D.v.s. Price, Ks. 3. (Out of print.) 

Fungus Diseases of Sugarcano in Bengal, by E. J, Butler, m b., f.l.s. 
Price, Rs. 3. [Out of print.) 

Oossypium obtusi/olium, Roxburgh, by I, H. Bubkill, m.a. Price, Re. 1. 

An Account of theGenns Pythiiim and gome GhytruliaceoCi by E. J. Butlek, 
M.B., F.L.S. Price, Rs. 4-8. 

Cephnleuros virescem, Kunze ; The Red Ru^t of Tea, by Haroi.d H. Mank, 
D.sc. ; and C. M. HUTcniNSON, b.a. Price, Rs. 4. (Out of 2 -frint.) 

Some Diseases of Cereals caused by Sclerospora (framinicola, by E. J. 
Bltler, m.r,, f.l.s. Price, Re. 1-8. 

The Indian Cottons, by G. A. Gammie, f.L.s. Price, Rs. 7-8. (Out of print.) 

Note on a Toxic .Substance excreted by the Roots of Plants, by F, 
Fletcher, m.a., b.sc. Price, He. 1-S. 

Studies in Root-Parasitism. HI. — The Haustorium of Ola x scamiens, hy 
0. A. Barber, m.a.. e.t..s. Price, Ua. 2-8. 

Studies in Uoot-Parasitisra. IV.— The Haustorium of Canxjfira Rheedii, by 
C. A. BARBF.B, M.A., F.L.S. Price, R.s. 2-S. (Out of print.) 

Some Experiments in the Hybridizing of Indian Cottons, by P. F. FysoS, 
B.A., F.L.s. Price, Re. 1-8. (Out oj print-) 

The Varietal Charaotera of Indian Wheats, by Albert Howard, m.a., 
A.u.u.s , F.L.S.; and GabbIELLe L, C, Howard, m.a. Price, Re. 1. 
(Out of p7'int.) 

The Mulberry Disease caused by CorynfAim mori, Norn,, in Kashmir, with 
Notes on other Mulberry Diseases, by E. J. BcttlrR, m.e., F.L..S, Price, 
Re. 1-8. (Oiif of print ) 

The Wilt Disease of Pigeon-Pea and the Parasitism of Naocosmospora 
«a8in/^cf«, Smith, by E. ,1. BuTLBR, M.B., F.L.S, Price, Rs, 3. 

Studies in Indian Tobaccos, No. I.— The Types of Ificotiana rustica, 
L., Yellow Flowered Tobacco, by Albert Howard, m.a,, a,r.c,8,, r.L.5, ; 
and Gabkielle L. C. Howard, m.a. Price, Rs. 4, 

Studies in Indian Tobaccos. No. 2 -The Types of Nxcotiana tabacum, 
Ij.. by Albert Howard, m a., a.r.o.s., f.l.s.; and Gabrielle L. C. 
Howard, m.a. Price, Rs. fl. 

Studies in Indian Fibre Plants. No. I.— On two varieties of Sano. 
(b'Ctalaria jwnwa, L., by Albert Howard m.a., a.R.c.s., f.l.s.; and 
Gabrielle L, C. Howard, m.a. Price, Re. 1. 

Tlie Influence of the Eiivironraetit on the Milling and Bahing Qualities of 
Wheat in India. No. I,— The Experiments of 1 907 -OS and 1908-09, by 
Albert Howard, m.a., a.r.c.s., f.l.s.; H. M. Leake, m.a., f.l.s.; and 
Gabrielle L. C. Howard, m.a. Price, Re. l-S. 



BOTANICAL SERIES* .wtW, 

Vol. UI, No. V. The Eud-Uot of Palms in India, by R. ,1. SraKii, K.L^. 

Price, Rs, 2. ’ / ’ ' 

Vol. Ill, No. VI. TheBconomic SignificanceofNanwMl C'rovs.iot'filt^.itv'ii in lii.ii.i, i.v AirKuT 

H.OWAKI), M.A., A.li.C.S,, F.L.S.; (tABHIKLI.F 1?. T. Udw viU', \l , * ; and 
AEDDR Rahman Khan, Price, 15s. 4 s. 

Vol. IV, No. I. Tlie Millets of the Genus N*trtrin in tbo Eonihay I'l y .lud Siud. In 
G. A. Gammik, f.i-.b’. Price, Ke. 1. ’ ' 

Vol. IV, No, II. Studies in Indian Fibre Plants. No, 2.— On Scum.- X, xv V,;) i- n* » < t 

cannnfipttw, L., and tiibhrti:i Sabditr^^u, [„, by M.i.nu’ Ih-cvuii:, 
M.A,. A.R.O.fS.. F.L.S.; and G.aBKIKI.LK L. C Hc)W u:n, \t. I’li-v, 15>. a. 
Vol. IV, No. Ill, Notes on the Incidence and Rffecl of Sloiility atul of t’n-s'. i-'Mib/ritu n in 
the Indian Cottons, by H. M, Le.aki;, .>i..a., ; itniKAxi 

Price, Re. 1. 

Vol. IV, No. IV, The Inheritance of Red Colour and the rcgiilaiicy cd «•<’[( fci ill i- 
sation in Corc/ior?(S (‘(t/jsfduri.v, R.; ihe (.'otiunon dutc I’lant. by 1, H. 
BuitKiLL, M.A.; anrl R. S, Fin ton', H,.sc. Pi ice, Ke. 1. 


Vol. IV, No. V. 
Vol. IV, No. VI. 
Vol. V, No. I. 
Vol. V, No. II. 

Vol. V. No. III. 


Observations on Certain Extra-Indian A>iatir Cotton?, by H. Td. l.KAKr, 
M.A., F.L.s. ; and RaM PHAi>Aii. Piice, Ke, l-S 
The Morphology and Parasitism of Hhnortonkt.hy F. .1. F, .Sii nv, n.v . 
A.K.r.s., F.I..S. Price, Us. 2. 

On the Inheritance of some tlbaracters in Wiieat, I, b.v A. lui'. u.-i,. 

A.K.C.S., F.L.S. ; and GAnKtHLl-r. R. C. lloWAUb, M..\, Pru'c, Ke. 1. 

The Induence of the Ein’iionmenf on the Milling .ind K.Uciog - 

of Wheat in India. No. 2.— The Expcviinents of lilnll-ll) and ! 910 11, by 
A. HOlVARlt, A.lbC.S., F.L.S. ; H. M. Lk.aKK, M.A., l’.I..S. ; ami 

GaBKIKLLB L. C. lIOWAKLb M.A. PlieC, 15e. 1. 

The Varieties of Soy Roans found in Heiigal. Ibbar and Grissi. and lli.-ir 
Commercial possibilities, by K. .1. WoonKOi ,sk, m.a.; and C. S. TAVi.oib 


B.A. rnee, tvs, >, 

IV. On Phytopfithara paraKihra nov. spec- A mov 
Plant, by J. F. Dastuh, Pnce.Ks. 2, 


of flu: C.rstoi tnl 


A Kf • m , 

V. Studies ill Pe,i-miOiiporarH>-, by E- J- ]iL''J'j.ti:, .M.p,, F.uv ; and G S. 
KULKAkni, L Ag. Price, Rs. 2- 

I Notes oil Pollination ami Cross-foriili^-ation in the Ounnmii Ki.u 

Plant, Orj/ja sa^tra, Rinn., by G- P. llMTiilt, M A.. B s*-. 1 ih«>, be. 1. 

II ASclerotial Disease of Rice, by F, d- F- Sil.wv, n.se., A.iir.s., r.L.s. 

-■>- 'ss's 

„. V. TheRedKotof3TOar,-a„,, by K, ,T. k a-l A. II vn., 

Khan. Pncc, Re. 1. IU tk h m i; . iM-.s ; :vmi 

o.Vl. Some New Sugarcane DiW; by b. J- IHHj 

VII. preiZllly folL 

ofWheatinrmiia i„ t'. Houahp. M-U IVi-r. 


StiSes in liitUan Suusn^aties, No. 1, Punjali c.nos, i>y C. A- lUuu.k, m-.p. 

Th^msUngulhing Characters a note im the 

E. J WoODiiOC-SK, 4 T \. Prb'c. R'‘- I 

chemical characters by C. ■ . _ _ ^ ^ ^ 

The Potato Blight in India, by J . K R • ^ 

■, The Genus PhizoHonu^ in Indi^ l.-J- ■ 

• "linuN Kiun: 

linthe press.) v, , c,!llo«er and Mustard, by A. Unw uin. 

[R Studies in Itidian Gd^“| ^' ’(<; HowabI', = umbAimi i: Kai|.ma. 

C.I.K,, M. ; G-\ bull, 1-1 -n K' 

kiiAii. 



CHEMICAL'SERIES. 


Vol. I, NCi 1> The Coiupoaitiou oi Indiau Bain and Dew, hy J. WaLtKK LkatreR, 
, ph.D., F.r.c. Price, Re. 1. 

VoJ. I, No, II, The Composition ol the Oil-Seeds of India, by J. Waltbk LkathbE, pIi.d., 
p,i.O, Price, Be. 1. [Out o/printA 

Vd), I, No, 111. The Pot-Culture House at the A;;i'iciiltin'al Research Institute, Piisa, by 
J. Walter Leather, ph.D., f.i.c. Price, Ra. 3. 

Vol. I, No. IV, Experiments on the Availability of Phosphates and Potash in Soils, by 
J. Walter Leather, Ph.n., e.i.c. Price, Re. 1-8. 

Vol, I, No. V. The Oonstniction of Drain Gauges at Puaa, by BI. H, Arnott, M.iast.c.E., 
with a Preface by J. Walter Lbatrek, Ph.D., f.i.c. Price, Rs. S. 
(Out of pHnt.) 

Vol, I, No. VI. The Loss of Water from Soil during Dry Weather, by J. Walter 
Leather, rh.D,, f.i.c. Price, Rs. 2. [Out of print.) 

Vol. I, No. VII, The System Water, Calcium Carbonate, Carbonic Acid, by J. Walter 
Leather, Ph,D., f.i.c, ; ami Jatinpra Nath Sen, m. a. Price, Re. 1. 

Vol. T, No. VIII. Water Requirements of Crops in India, by J, Walter LEATHER, Ph. D„ 
F.I.C. Price, Its. 3. 

Vol, i, No. IX. The Nature of the Colour of Black Cotton Soil, by H. E. AnnETT, b.Sc. 
Price, Re. 1. 

Vol. I, No. X. Water Requirements of Crops in India— 11, by .1, Walter Leather, 
pVi.d., f.i.c. Price, Ks. ‘2-S. 

Vol, II, No. T. The Composition of the Milk of some Breeds of Indian Cows and Buffaloes 
and its Variations, Part I, The milk of some breeds of Indian cows, by 
A, A. Meoqitt, b.Sc, ; and H. H. Mann, d.sc. Price, Re. 1-8. 

Vol. n. No. II, Records of Drainage in India, by .J, Walter liBATHKR, ph.D,, f.i.c. 
Price, Re. 1. 


Vol, II, No. Til. The TJfih System of Rice Cultivation in Western India, by H, H. Mann, 
D.sc.; N. V. Josiii, K.A., B.SC., L.Ag. ; and N. V. Kanitkar, B.Ag. 
Price, Re. 1. 

Vol. II, No. IV, The Composition of the MiJk of some Bree^ls of Indian Cows and Buffaloes 
and its Variations, Part IT. The milk of some breeds of Indian buffaloes, 
by A. A. Mkggitt, B.Sc. ; and H. H. Mann, D.8c. Price, Re. 1-8. 

Vol. 11, No. V, A contribution to the knowledge of the Black Cotton Soils of India, 
by W. H. Harrison, m.-sc. ; and M. R, Ramswamy Sivan, jj.a. 
Price, Re. 1. 

Vol. Ill No. VI. The Date Sugar Industry in Bengal, an investigation into its Chemistry 
and Agriculture, by H. E. ANNETT, b.sc., assisted by G. K, Lele, 
L.Ag. ; and Rhailal M. Amin, b.a- Price, Rs. 3. 

Vol. Ill, No. I. Evaporation from a Plain Water Surface, by ,J, Walter Leather, ph.D., 
F.I.C. Price, Re. 1. 


Studies in the Chemistry and Physiology of the Le.avea of the Betol-vinc 
(Pip^- and of the Commercial Bleaching of Betel- vine Leaves, 

by H. H. Mann, d.sc.; D. L, SAHAaKAsuDDHE, b,5c,, L-Ag. ; and 
V. G. Patwardhan, B.Ag. Price, Re. l-S. 


Vol, III, No. Ill, The Gases of Swamp Rice Soils. Their composition and relationship to 
the crop, by W. H. Harrison, m.sc. ; and P, A, SubraMaNIA Aiyer, 
b.a. Price, Re, 18. 


Vol, III, No. IV. The Experimental Bn or in Sampling Sugarcane, by J. Walter Leather, 
I’h.u., F.I.C. Price, Re. 1. 


Vol. Ill, No. V. Tho Fractional Liquefaction of Rice Starch, by P .1. Warth, m.sc, ; and 
D. B. Dababsbtt, js.sc. Price, Re. 1. 


Vol. Ill, No. VI. The Yield and Composition of the Milk of the Montgomery herd at Pusa 
at>d Errors in Milk Tests, by J, Walter Leather, Fh.i)., f.i.c.; 
and A. 0. Dobbs. Puce, Ke. 1 or \s. 6d. 


V ol. Ill, No. VIT. The System Potassium Nitrate, Sodium Chloride, Water, by J, Walter 
; Leather, ph.D., f.i.c. ; and Jatindra Nath Mckbeltee, b.a., b.sc. 

Price, Re, 1 or is. 8d. 



Vol. Ill, No, VIII. 


Vol, HI, No. 

IX. 

Vol. IV, No. 

I. 

Vol. IV, No. 

12. 

Vol. IV, No. 

111. 

Vol. I, No. 

L 

Vol. L No. 

IL 

Vol. I, No. 

in. 

Vol. I, No. 

IV. 

Vol. I, No. 

V. 

Vol. I, No. 

VI. 

Vol. II, No. 

I. 

Vol. ir, No. 

II. 

Vol. 11, No. 

in. 

Vol. 11, No. 

IV. 

Vol. 11, No. 

V. 

Vol. n, No. 

VI. 

Vol. II, No. 

VII. 

Vol. II, No. VIII. 

Vol. II, No. 

rx. 

Vol. IT, No. 

X. 

Vol, HI. 


Vol. IV, No. 

I. 

Vol. IV, No. 

IT. 

Vol. IV, No. 

III. 

Vol. IV, No. 

IV. 

Vol. IV, No. 

V. 

Vol. IV, No. 

VI. 

Vol V, No. 

I. 


CHEMICAL SERlhS-rotJii. 


;' ''"-n a;,,',' s?;'i' 


Studioa of an Acid Soil in Assam, by A. A. Mi 
Ke. 1-8 or 2s. Gd. 


The Gases of Swamp Rice Soils, Part l[. I'iuii' 
Aeration of the Hoots of tho Crop, by \Y, li 11 w 1 
Subram ASIA Aiyer, b.a. Price, Ho. \ or l.v. iv(. 
Soil Temperatures, by J, Wat.tek La^TiiEif. v p i i ■ 


!!• . !-'U fill t!u' 

. '< ■ • : Mv.i P. A. 
I’ll-', IN. :! M, 


Soil Gases, by J. Walter Leathki;, v,t>. , i-',i.r. ib-u-. , U,.. i .. :,,, 


ENTOMOLOGICAl. SERIES, 


The Bombay Locust— A lleport on the investiLj.atior.s .e' l y h 

M, LzFUOY, M.A., r.E.s,, E.Z.S, Pneu, Ks, 2 >. 

The more Important Insects iiijuvions to Imlian .tctirwinir,- Ly }) 
M. LeFROV, M.A,, F.R.S., F.Z.S. Prico, IN i). Uhit o/'pnul 
The Indian Surface Caterpillars of the (,cinis A>nofis, by M, ,M. I.KhKi.y 
M.A., F.E.s., F.Z.S.; and 0. C. CJnos>n, r.a. Piicc, Kc, I's, iii„t 
Individual and Seasonal Variation.s in HdtiptUiit \Vat<>ilu>iiM', 

with description of a new species of Hclopcltis, bylUnmi' II. 

D.sc. Price, Re. 1-8. 

The Coccid(r attacking the Tea Plant in India and Ceylon, by i’, P,. (Iukhn, 
F.K.S., F.z.s, ; and Harold H. i'. sc. Pi ice. lie, i. {«>„( ,.f 

Tho Mustard Sawfly, by Ff. M. [.kerov, M. a., k.k.s., r./,,'., ; ami C. C 
Ghosh, f.a. Price, He, 1. {Out of 
The Rice Buf;, by H. H, Lkfuoy, k.e.s., v.7..<. Pi ut’. He, 1. 
Remarks on Indian Scale InsoctH (Cerruft’/ d, itnf 111, !>> K. K, (.nvrs, 
F.E.8., F Z.S. Price, He. 1-8. 


The lied Cotton Bug, by H, M. Lkkroy, m.a,, r.ic.s., r.z.s. Pru-r. Ur, 1 
(Out of print.) 

The Castor Semi-Looper, by H. M. Lkki'.oy, m.a,, e.e.s., Purr. U". - 
{Out of print ) 

The Tobacco Caterpillar, by 11, M, I.efrov.aj-.a,, f,k,s,, k,/..h Pi in\ Ur, 1 
(Out of print.) 

The Cotton Leaf-Roller, by H. M. Lit'KOY, m,a., f.e.s.. k.z.s, I’m-c, Up. 1 
(Out of print.) 

Notes on Indian Scale Insects [Corrolo], by H. M axm n.l, I.rFRfn , m a , 
F.E.S., F.Z.8. lb-ice, He, I-S. [Out nj pOnt.) 


Life-Hi, stories of Indian Insects— I, by H. M axwki.i, TK,n:f>^ , 

M.A., F.B.S., F.Z.S. Price, Hs. 2, 

Life-Histories of Indian Insects— IL Some Aon;)!i<' HhipukKUi :>Md 
CoUoptera, by !>. Nowkojee, ir.a. Price, IN, I L 
Life-Histories of Indian Insects-IH, The Kiiinoccvon Ucrttc ifinrO} 
rhinocerof) and the Red or Palm Wcoril {lUnjnrhopUorut nn ir/mni* , 
by C. C, Ghosh, b.a. Price, Ks. 2. 

The food of Birds in India, by GMV. Mason c-iiicd br M. 

MAXVVELL-LeFROY, m.a., F.K.8., F.Z.S. Pner, l>s. i ■ 

Rri Silk, by H. Maxm ell-Lffrov, m..a,, r.R.s,, v,/.'-. f, <\ ounsit, 
RA. Price, Rs.o. 

Tetrigime (Acridiina) in the Agric-ultural luj"], 

with descriptions of neiv species, by d. i/. man ^ 

The Brown Cricket {Brarinjtrmii arinUinus, SloiU, by ( . ( . 

B.A. Price, Re. 1. 

Life-Histories of Indian rnsoctv-IV. on , >y 

on Caterpillars, by H.^M.A-YWKll-L d ROJ . 

PltiLOW, B.fic. Price, Re- 1-^. {<.><<1 uf join..) . , . i r' r 

The ^^ylla" disease of Indigo, by A. J. t-Rb'R, m.^c. . am - 
Ghosh, b.a. Price, Kc. l s or - v. i , r c tjno.wf Va. 

Life-Histories of Indian Insects -V, {lApnlupton,, >} 

Price, Rs. 2 8 or 9d. 



Bacteriological series. 

Vo]. I, No. I. Studies in Bacteriological Analfsis of Indi&n Soils, No. 1, 1910-11, by 
‘ Ck M. Hutchinson, b,a. Price, Ke. 2-8. 

Vol. I, No. II! Rangpur Tobacco Wilt, by C. M. Hutchinson, b.a. Price, Ra. 4. 

Vo], I, No. III. A Ne»r Nitrite- forming Organism, by N. V, Jos Hi, b,a., &sc., L.Ag. 
Price, Re. 1 or U, 

Yol- 1, No. IV. Azotobactei* and Nitrogen Fixation in Indian Soils, by J. H. Walton, 

B. i., B-Sc. Price, Be. 1 or U, Dd. 

Vol. I, No. V. Bacterial Rot of Stored Potato Tubers, by C. M. Hutchinson and 
N. V. JOBHI, B.A., B.Sc -1 L.Ag. Price, Re. 1 or Is. 6d. ■ 

Vol. I, No. VI. Bdkhar : The Indian Rice Beer Ferment, by 0. M, Hutchinson and 

C. S, Bam Ayyar, b.a. Price, Re. I or Is . 6d. 


VETERINARY SERIES. 

Vol. I, No. I. Aiiiipbylaxia iu the larger Aiuraala, by Major J. D. E. HOLMKe, M.A., D.sc., 
M.B.C.v.s. Price, Ra. 2. 

Vol. I, No. II. Saivaraan in the Treatment of Surra in Horses, Doga and Rabbits, by 
Major J. D, E. Holmes, m.a., d.sc., m.r,c.v,s, Price, Re. 1-4. 

Vol. 1, No. in. Some more Successful Experiments on the Treatment of Surra in the 
' Camel \rith Recommendations for Systemal ic Treatment, by A. S. Leese, 

M.R.C.v.s. Price, Re, 1. 

Vol. I, No. IV. On the Immune Bodies occurring in Anti-Riiulerpest Seiinn and on the 
Variations occurring in the Serum Proteins of Animals during Hinderpeat 
and during Immunization and Hyper-immunization, by P. Hartley, 
D.8C. Price, Rs. 2. 

Vol. H, No. I. Some cases of Surra treated in the Field and in the Laboi atory during the 
autumn of 19U, by Major J. D. E. Holmes, m.a., d, sc., M.R.c.v.s, 
Price, Re. I, 

Vol, II, No- II. Rinderpest; Further Inveatigatioiis on queatioiis connected with the 
Economical Production of Anti-sonim, by Major J. D. K, Holmes, m.a., 
U,sc- Price, Re. 1. 

Vol, II, No- III. The Curative Treatment of Hseraorrhagie Septicsemia in Cattle by the 
administration of Iodine and other notes on Cbem in therapy in Rinder- 
pest and Hscmorrhagic Septicaemia, by Major J-D* E- Holmes, o.I E., 
M A., D ac., M.E-c.v.s. Price, Re. I or 1«. 6d 

VoK II, No- IV, Tho Vitality of the Haemorrhagic Septicaemia Organism outside the body, 
by Major J. D. B. Holmes, C.i.E., M A., D-Se-, M.R.C.V.S. Price, 
He. 1 or U, 6d. 

Vol. II, No- V. Bursati, by Major J. D E. HOLMES, C.I.E,, M.A. , D.Sc., M.R.C.V.S. Price, 
Re. 1-8 or 2s. 

Vol, II, No, VI, Experimentson the treatment of Surra in Camels, by H.E. Cross, m.r,c.v.s., 
D V.H., A,Sc. Price, Re. 1 or Is. 6J. 

Vol. II, No. VII. Anthrax— some experiments on the Immunizing Effect of the Simultaneous 
Injection of an Anthrax attenuated virus and an Anthrax Auti-sernin, 
by Major J. U- E. Holmes, c.i.e., m.a., d.sc., m.rc.v.s. Price, Re. 1 
or ]j. 

BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUS a: 

No. 1. Notes on Cotton iu Bihar in 1901, by H. M. Leeuoy, m.a., e.k.s,, e.z,s. Price, As. 4 
or 6d. 

No. 2. An Outbreak of Cotton Pests in the Punjab, 1905, by H. M. Lefroy, M. A., E.E.b,, 
F.z.s. Price, As. 6 or Id. 

No. 3. The Extension of Jute Cultivation in India, by R. S. FJNLOW, B,Sc- Price, As, 12 
or 1 j. 2d. {Out of print.) 

No. 4. First Report on tho Fruit Experiments at Pusa, by A. Howard, m.a., a.k.c.s., 
F.L.s. Price. As, fi or 

No. 5. Report on Trials of the South African Locust Fungus in India, by E. J. Builkk, 
M.B., E.L.S. ; and H. M. Lkfboy, m.a., e.b.s., f.z.s. F.' - A?” 2or3ci. 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. WarbUKTOI^, m,a. 
Price, As. 4 or 6d. {Out of print) 

No. 7. A Preliminary Account of the Biting Flies of India, by H. M. Lefkoy, m.a,, f.e.s., 
E.Z.8. Price, Re. 1 or 1«. 6d. {Out of print.) 



BULLETINS ISSUED BY THE AGRICULTURAL RLSEARni IN'^TirUTl- 

PUSA-fo«^;. 

No. 8. OfficiaHnd Recommended Metliods for use in Oicntii.il Lnhotatorit s ..f tii.' i,< 
menta of Agriculture in India, hy J. WaiTEii Lkathci?, i li.i' , k.i.i . u' j 

or 6d. 

So, 9. Report on Coconut Palm Disease in Travancoie, by K. J. IUilki;, \i i;., ^ ( s 
Price, As. 6 or 6d. {Out of print.} 

No. 10. Treatment and Ohaervation of Crop Festa on t)io Puna F.uni, >)y H. M, n ^ 

P.R.S., P.Z.S.; and C. S. Misra, r.a. Fiiee, As. 6 or 7<(. {Out t fitiiui ) ’ 


No. 11. 
No. 12. 
No. 13. 
No. 14, 


On Flax Dodder, by A. Howarp,. m.a , a.k.c.s,, f.l 
of print.) 

Tbe Making and Cure of Lawns in India, by A. 11 
Price, Aa. 4 or 6d. {Ou^ of print.) 


Prirc, As. 1 m- t! (, ion; 


Sugarcane at tile Paitabgarli Experimental Station, by (J, Ci.AUiiC, v.i.r, ; mid Kbaii 
Bahadur S- M. Hadi, m.k.a.c., M.k.a.s. Price, As, 6 or fid. 

The Milling and Baking Qualities of Indian Wlioats, No. 1, by A. H(hvaki>. m.a., 
A,R.C.8., P.l.S. ; and GaBIUKLLK L. C. HoWAItn, M.A. Prire, As. 1 or fi./. 

Note on the Extension of Cultivation of Fibre Plants in India, Pi ire. As. fi or s,i, 
Second Report on the Fiuit Experiments at Pnsa iiy A. flowAUn, m.a,, a.k.c.s 
F.L.R. Price, As. 6 or 8(i, 

No. IT. The Milling and Baking Qualities of Indian Wiieuta, No. 2. Some new Pusa sclcriinh'. 

tested in 1909, by A. Howaiio, m.a., a.r.c s,, f j„s. ; ami CAPitud.i.r; L. c, 
Howard, sr.A. Price, As. 6 or 8<f. 

Report on the Oiitbi’cak of Blister- Blight on Tea in the Darieeliiig Dish-irt in PKis (i<b 
by W, McRae, m.a., B.SC. Price, He. 1 oi D. fid. 

List of Names iiaed in India for Common Insects, compiled in the Lubornimy of- (hn 
Imperial Entoniologist, Pusa. Price, A a. 12 or Lf. 2d. 

Memoifludum on Indian Wheat for the Bi itish Market, by .Sir .Iamks Wilsov, k.<'.s i. 
Price, As. iorfirf. 

Meraoraudnm regarding Leading Ktjcalypts suitable for India, by F, Booth 
Tucker. Price, As. 4 or 5d, 

The Milling and Baking Qualities of Indian Wheats, No, 3. Some new Ptis.j Hybi idK 
tested in 1910, by A. Howaup, m.a., A.inc.s., F.L.s.;aiid Gahkikli.k L. C. Howa,m.. 
M.A. Price, As. 7 or 

lusecticidos-Mixtarcs and Recipes for use ag.ainst Insects in tlm I'ndd, tbo (i.cburd. 
the Ooriien and the House, by H. U. Lefiiov. m.a., kk.s.. r.z.s. secomt 
Edition. Revised and Enlarged by T. BAiMmirmic Vr.RiniM:, h .s., f.k.s., k.z.h. 
Pi ice, As. 12 or Ir. 2d. 

The Indian Saltpetre Tndnslry, by J. Waltkk LE-a i'iikk, idi.u., k.i.c, : and .1. N. 

MUKERJI, b-a., B.Sc. Price, As. » or w. 

Report on the Flax Experimentfi conducted ut Dooiiali during flic your iidO-ll, by 
K. M. VandekeRRHOVE. Price, As, 6 or id. 

Note on the Present Position of Cotton Investigation in India, ti.v Rkcnapu 
Covbnthy, C.I.E. Price, As. 2 or id. 

Hussain, p a. PHoo, As. 5or6d. 

The Cultivation ot Lac in the Plain, of by C. S. Ml-ic. it.t. (S«oi,.l K.hlion., 
Price, As. 8 or 9(i. -i . . 

Directions for the Cultivation of Eri Silk, ^ni-iiud A liUon. mu <8.. ” ' 

nepovtc, the Flaa Expcriu,enta,co,Hlnctoi at,I)oo„al, .In,,,... ,1,» yea,- Ull U, 
by E, M. Vandekebkhove. Price, As. l b oi - d. , ^ ^ ^ 

No. 31. Wheat Experiments on the Botani^^ 'SV.""kTs.; ami 

CnltJ nation in the Hinted F> ounces, uy 

RAMrRaa*D. r™».A». 3or A rt, a, l,.i.,i.l,.,aUo„ ol 

'"i.f ^tnk;r".d 'Sf Safea' of '?he (oof Ho, b, M-ayo, •>. L, C. 

M.a., D-SR., M.R.C.V.3. Price, As, 2 01 dd, a Hawaii, m 1 aims 

N,. S!,. AgdcuUutal Pevolo,„no,.( of P,ba,y b, A. ..I... .*., 

» F-L.S. Price, As. 4 or 5d ^ 


No. 15. 
No. 16. 


No. 18. 
No. 19, 
No. ZO. 
No. 21. 
No, 2-Z. 

No. 23. 

No. 24. 
So. 25, 
No. 26. 


No. 28. 


No. 29. 
No. 30. 



BULjLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 

, t PUSA — condd. 

Ho, 36. Note on the M'Fftd>an Staining Reaction for Anthrax Bacilli, by Major J. D E 
Hoi.mes, M,A., D.BC., M.R.C.V.S. Price, As. 4 or 

No, 37. Notes on Experiments 'vith Sugarcane at Sabour, by 0, Sousrs Taylor. b.a. 
Price, As. 2 or 3(t. 

No. 38. Disintegration of Rice Grains by means of Alkali, by F, J. Warth, M.sc, ; and D. B. 
DaRabsett, b.bo. Price, As. 6 or 7d. 

No. 39. Instructions for rearing Mulberry Silkwoiins, by M. N. De. Price, As. 4 or M. 

No. 4(1. Green Manuring Experiment, 1912-13, by C. M. HtJTCHiNgoN, b.a. ; and S. Miiugan 
M.A., R.SC. Price, As. 4 or 5rf. ’ 

No. 41. The use of Sweet Jowar sp.) as a source of Commercial Sugar or as Fodder 

and the variation in Composition of the crop during growth, by H. E. Annett 
B. sc., r.LC. Price, As. 2 or 3d. 

No. 42. Notes on Cane Crushing in the United Provinces, by G. Clarke, f.i.c. ■ Naib 
Hussain and S. 0. Baneiwbb, assisted by Lakshmi Shankar. Price, As. 2 or 3d. 
No. 43. A note on the effect of Heat on the Rinderpest Iinnuino Bodies, by Major J. D, E 
Holmes, c.lr.. m.a., u.sc., m b.c.v.s. Price, As, 2 or 3d. 

No. 44. How to Improve Silk -Reeling in Bengal, by M. N. Dk. Price, As. 4 or 5d. 

No. '«5. The Acid Secretion of the Gram Plant, Gicer arielimm, by D, L, Sauasrabuddhe 
B, sc,. L.Ag. Piice, Aa. 2 or 3d, . ' 

No. 46. Bee-Keeping, by C. C. Ghosh, b.a. Price, As, 14 or Is. 4d, 

No. 47. Notes on Sugar Machinery and Manufacture in Northern India, by Petek Abel. 
Price, As. 5 or 6d. 

No. 48. First Report on the Experiments carried out at Pusa to improve the MnlberiY Silk 
Industry, compiled under the direction of the Imperial Entomologist, by M. N. De. 
Price, As. 6 or 7d. 

No. 49. Tho Experimental ErroiMn Field trials with Sugarcane and the effect on this error 
of varioiia methods of sampling, by H. E. Annett, B.3c., F.I.C. Price, As. 3 or 4d, 
No, 60. TH^fflmprovement of Tobacco Cultivation in Bihar, by A. Howard, c.i.e., m a ■ 
and Gabrielle L, C. Howard, m.a. Price, As. 4 or 0d. ' ' 

No. 51, First Report on the Improvement of Indigo in Bihar, by A. Howard, c.i e, m a ■ 
and Gabrielle L. C, Howard, m.a. Price, As. 4 or 5rf. ' " 

No. 52. Soil Ventilation, by A. Howard, c.i.e., m.a ; and Gabrielle Ij. C- Howard, m.a. 
Price, As. 3 or 4d, 

No. 53, Soil Erosion and Surface Drainage, by A. How'ard, c'.i.e., m.a. Price, As, 4 or 5d. 
No. 54. Second Report on the Improvement of Indigo in Bihar, by A, How ard, c.i.e,, m.a.; 

and Gabrieli, K L. C. Howard, m.a. Price, As. 2 or 3d. 

No. 55. The Manufacture of Jaggery in South India, by A. Chattekton, c.i.e. Price, As. 4 
or . 

No- 66. Green-Manuring in India, by A. C. Dobbs. (I/i i?)e jyrm.) 

No. 67, The Detection of Added Water in Milk in India, by J. Walter Leather, r.i.c. 
{In the press.) 


BOOKS. 

“ Indian Insect PeaU," by H. M, Lbfrovj m.a., r.E,s,, r.z.a. Price, He. 1*8. [Out 0 / 
print.) 

Indian Insect Life,” by H. M. Lbfroy, m.a,, F.z.a., and F. M. Howlett. 

B.A. 786 pp. Price, Rs. 20 or 30«. 

“ Wheat in India,” by A. Howard, m.a., a.r.c.s., f,L.b,, and Oaurielle L. C, 
Howard, m.a. 288 pp. Price, Us. 5 or 7s. 6rf. 

” A description of the Imperial Bacteriological Laboratory, Muktesar ; Its Work and 
Prodvicts,” by Major .T- V. M. Holmes, m.a,, d.Sc. Price, As. 8or&rf, 






